Modern proteomic methods enable efficient identification of the hundreds or thousands of proteins present in whole cells or in isolated organelles. 1,2 But a thorough understanding of the proteome requires insight into protein localization as well as protein identity. Recently, visualization of newly synthesized proteins in bacterial cells was demonstrated through co-translational introduction of an alkynyl amino acid followed by selective Cu(I)-catalyzed ligation of the alkynyl side chain to the fluorogenic dye 3azido-7-hydroxycoumarin. 3 Here we report that selective fluorescence labeling and imaging of newly synthesized proteins can be accomplished in a diverse set of mammalian cells.
Results and Discussion
Initial experiments were performed with mouse embryonic fibroblasts that express a mitochondrially-targeted GFP (MEF-mitoGFP). 21 Cells were grown to confluence before passaging into serum-free medium lacking Met (SFM). After incubation to deplete residual Met, cultures were supplemented with 1 mM Met or Hpg for a 4 h pulse. Incorporation of Hpg into proteins did not appear to affect cell viability;
propidium iodide staining demonstrated that viability was similar when cells were pulse- (Figure 7 .2a). Previous in vitro studies have shown that the specificity constant k cat /K m is reduced ca. 500-fold for Hpg as compared to Met (for activation by the MetRS derived from E. coli). 18, 19 In accord with those studies, we find that coumarin fluorescence could be discerned by confocal microscopy when the Hpg:Met ratio was 500:1, but not at a ratio of 100:1.
In order to define the temporal resolution of the method, we examined pulse lengths ranging from 15 min to 6 h. Flow cytometry showed that a 15 min pulse with no chase yielded a 5-fold enhancement in mean fluorescence as compared to Met controls.
The mean fluorescence increased as the pulse length was extended to 4 h but did not increase further at 6 h. In many of the cell types examined here, the most intense coumarin fluorescence appeared to be localized to nucleolar structures (Figure 7.3) . When HeLa and HEK 293T cells were stained with an anti-nucleolar antibody, the areas of brightest coumarin fluorescence co-localized with the antibody (Figure 7.4) . Nucleoli, sites of ribosomal biogenesis, are protein-rich (>80% protein) and are the most dense part of the cell. 23, 24 They exchange proteins rapidly; dynamic analysis of HeLa nucleoli indicated that proteomic changes are observed in less than 2 h. 25, 26 Evidence that there is rapid nucleolar assembly and protein turnover is consistent with our observation that a subset 
Conclusion
Non-canonical amino acid tagging offers a facile means of labeling newly synthesized proteins in mammalian cells. Since labeling is determined solely by the timing (and in principle by the location) of the Hpg pulse, it is possible to visualize proteins of unknown sequence, structure, or function. We suggest that this method will be useful for elucidating complex processes involving spatially localized protein translation, e.g., the hypothesis that synaptic plasticity is modulated by translation localized in dendrites. 29 Moreover, other non-canonical amino acids can be metabolically incorporated and modified by the azide-alkyne or Staudinger ligations. 3, 9, 10, 14, 30 Multicolor analysis should be possible by using multiple dyes to visualize subsets of the proteome expressed during sequential pulses. 
Acknowledgments

